The reactive power planning method based on improved particle swarm optimization (IPSO) 
INTRODUCTION
Power system reactive power planning is a powerful measure to maintain reactive power balance and reduce real power loss. There is tight relationship between voltage stability and reactive power planning. Therefore the reactive power planning in consideration of voltage stability is presented which can improve both of power system voltage stability and distribution of reactive power flow [1~8] . However, the calculation of voltage stability limit is too complicated in those methods so that the application for bulk power system is difficult. The reactive power planning method based on improved particle swarm optimization (IPSO) is presented. Voltage stability is introduced in the way to select a bus for reactive power supply. The voltage stability margin indices (VSI) of all load buses are computed and sorted. The buses with high VSI will be chosen as supply spots. The minimization of the maximal VSI is included in the objective function of reactive power planning in order to improve system voltage stability. This method can increase calculation efficiency remarkably. IPSO method is an evolution of particle swarm optimization (PSO) method, which is a novel developed bionic optimization method in recent years. A particle initialization arithmetic based on nonlinear simplex method is put forward, which can improve the quality of initial particles and reduce the scale of particle swarm effectively.
VOLTAGE STABILITY INDEX (VSI)
The VSI stems from the definition of maximum power transfer capability [9] . The maximum power can be transferred to the load at any load bus if the magnitude of the network Thevenin impedance obtained from that node (that is, the corresponding element of the principal diagonal in bus impedance matrix) is equal to the load impedance. The VSI is defined as the ratio of the network Thevenin impedance to the load impedance. The power system will maintain stability if the VSI of a load bus is less than scheduled data. Otherwise voltage instability will occur. Taking bus k for instance, the steps to calculate the VSI are mentioned as below. 1) Read line data and the bus data for the system and calculate the bus impedance matrix. Obtain the corresponding element of the principal diagonal in bus impedance matrix to bus k. 2) Calculate the power flow and the load impedance at bus k as follows:
where is the complex voltage of bus k, is the complex power of bus k, and means to calculate the vector magnitude.
3) Calculate VSI of bus k as follows:
It is obviously that the calculation of VSI is simple and fast. Therefore it will not increase too much time in reactive power planning if the VSI is included in the objective function.
IMPROVED PARTICLE SWARM OPTIMIZATION (IPSO)

C C I I R R E E D D
biome, it fits for parallel calculation very well and has perfect performance on large-scale optimization calculation. The distribution of initial particles has a great effect upon the convergence of PSO during the optimization process. The convergence of PSO will be weakened when the scale of particle swarm is great if the initial particles are generated randomly. Moreover, if the fitness function of PSO takes the form of penalty function the boundary oscillation will also influence the convergence performance. A novel particle swarm initialization arithmetic based on nonlinear simplex method is presented. The nonlinear simplex method is put forward by J.A. Nelder and R. Mead. The PSO intercross iteration method (PIIM) based on dualistic Lagrange arithmetic is adopted to eliminate the boundary oscillation caused by penalty function.
PSO Initialization Arithmetic Based on Nonlinear Simplex Method
The simplex is defined as a group of n-dimensional vectors whose amount is n+1. Every vector is a point of simplex. The objective function is shown as below:
where are optimization variables.
are the (n+1) points in n-dimensional space, and are the function values at respectively. h is defined as the suffix such that , l is defined as suffix such that , and replaced by a new point, which is obtained by three operations: reflection, contraction, and expansion. The reflection is defined as equation (5).
where α is the reflection coefficient, If the new function value obtained in reflection process is greater than all of others, contraction will be performed which is defined as equation (7).
where β is the contraction coefficient, (8).
There is a coherent feature in PSO and simplex method. Both of them will produce some points, which is called particle in PSO and the objective function value is the criterion to judge the quality of the points. The convergence of simplex method is not very good but the points generated by reflection, contraction, and expansion can be used as an initial group of particles in PSO. The initialization process of PSO is mentioned as below: 1) Generate , The minimization problem with constraint is defined as below:
This problem can be denoted by the dualistic Lagrange problem. (9) is convex, , the solution to problem (9) will be the saddle point of problem (10) which is expressed as . However the solution to the dualistic Lagrange problem is not equivalent to that of the original problem if the feasible solution space of the original problem is not convex. In this instance the Lagrange function is expressed as below:
In PSO the differential coefficient of objective function is not required so that the convexity and differentiability are not required, either. Consequently, the convergence property of the dualistic Lagrange arithmetic is much better than that of gradient method.
PSO Intercross Iteration Method (PIIM)
In order to solve the minimization-maximization problem expressed as (12), two sets of particle swarm are required to determine the saddle point of the Lagrange function. The first one is used to determine the value of x for the minimization problem while µ and λ are treated as constant. The variables are n-dimensional.
The second set of particles are used to find the solution of µ and λ for the maximization problem. x is treated as constant, and the variables are (
The calculation process of PIIM is mentioned as below: 1) Initialize the two sets of particle swarm. 
MATHEMATIC MODEL
Model of Reactive Power Planning
The maximization of voltage stability margin is included in the objective function of reactive power planning to improve system voltage stability. VSI is a ratio of two magnitudes, it is unreasonable to add VSI to P ∆ directly. Therefore P ∆ is divided by a reference value , which is the power system real loss before reactive power planning is performed. 
where is the transformer ratio and is branch power flow. 
NUMBERICAL SIMULATION
The reactive power planning based on IPSO is tested on IEEE 30-bus system. Firstly, the VSI of all load buses are computed and sorted as shown in table 2. As stated in the previous sections, the higher the VSI value, the weaker the voltage stability is at the corresponding load bus. Hence 8 load buses with higher VSI value (>0.02) as shown in table 2 are chosen as reactive power supply spots. The solution to reactive power planning is shown in table 3. The base power value is 100.0 MW. The real power loss drops from 5.932MW to 5.091MW. The load bus with sign * is chosen as the supply spot. 
Convergence Performance Analysis
During the planning process the simplex method is applied to initialize the particles so that the scale of particle swarm is smaller in IPSO than that of basic PSO. The particles quantity of basic PSO is twice as much as that of IPSO. The convergence performance is improved because boundary oscillation is eliminated.
CONCLUSION
The voltage stability index (VSI) is used to rank the load buses and the reactive power compensators are installed on the buses with weak voltage stability. The minimization of VSI max is introduced in the objective function in order to combine reactive power planning with voltage stability. IPSO is performed to overcome the shortcoming of basic PSO on the irrational distribution of initial particles and improve the convergence performance. The intercross iteration arithmetic based on Dual Lagrange method is put forward which can overcome the shortcoming of penalty function. The application on IEEE-30 system illustrates that the real power loss is depressed and the VSI of load buses are decreased which means voltage stability margin is increased simultaneously.
